The purpose of this study was to determine the effect of pregnancy on adnexal torsion (AT). We conducted a matched case-control study using the Korean Health Insurance Review and Assessment Service-National Inpatients Sample (HIRA-NIS) from 2009 to 2011. AT patients were defined as women with both a diagnostic code (N835) and a surgical code for AT. The AT patients were randomly matched 1:4 with women without AT by age and year of claim. In total, 545 AT cases and 2180 controls were enrolled from a total of 1,843,451 women. After adjustment for such covariates as age, pregnancy was found to be associated with a lower rate of AT (adjusted odds ratio 0.314, 95% confidence interval [CI] 0.237-0.416, P value <0.01) and ovarian hyperstimulation syndrome was associated with a higher rate of AT (adjusted odds ratio 20.091, 95% CI 3.607-111.908, P value <0.01). We found that pregnancy is a negative risk factor for AT. However, a further study is needed to elucidate the mechanisms underlying these results.
Introduction
Adnexal torsion (AT) is the fifth most common gynecologic surgical emergency. It accounts for 2.7% of such surgeries. [1] The incidence of AT among women of reproductive age was 9.9 per 100,000 women. [2] AT occurs when the ovary and the fallopian tube twist, resulting in the strangulation of the blood supply. After several hours of AT, the ovary can become necrotic. [1, 3] Although there are several diagnostic tools for AT, the definitive diagnostic method is direct confirmation using laparoscopy. [3, 4] The management of AT is emergency laparoscopy to uncoil the twisted ovary and tube. [3, 5, 6] Pregnancy might be a risk factor of AT. [3, 5] According to previous studies, 13 .7% of patients with AT were pregnant. [7] The common causes of AT during pregnancy appear to be corpus luteum cysts or ovarian hyperstimulation syndrome (OHSS) associated with assisted reproductive technologies (ART). [8] Corpus luteum cysts are the most common cause of adnexal masses during pregnancy. [9] OHSS, which occurs in 16% of pregnant patients treated with ART, may increase the incidence of AT. [10] The risk of developing a corpus luteum cyst or OHSS declines steeply in the second trimester of pregnancy. [9] [10] [11] As a reflection of this, AT occurs more frequently in the first and early second trimesters than in the third trimester. [12, 13] However, the studies associated with these results were not large case-control studies; rather, they were case reports from several institutions. [5, 7, 9] In addition, few studies have directly compared either a pregnant group to a nonpregnant group. [12] Therefore, these studies cannot confirm the effect of pregnancy on the development of AT.
Using national registry data, we performed a matched casecontrol study to determine the effect of pregnancy on AT.
Materials and methods
The Korean National Health Insurance Service is a compulsory, single-payer social insurance system that covers almost the entire population (∼49 million people per year) living in the country. . HIRA-NIS was samples that used a probabilistic sample extraction method (sampling rate: 13% of the inpatients population, 1% of the outpatients population), stratified sampling (sex, age). [15] HIRA-NIS had been regularly updated each year. A detailed description of these data are provided in our previous study. [15, 16] AT patients were defined as women who had both a Korean Standard Classification of Diseases-5 (KCD-5), which had been revised from the International Statistical Classification of Diseases and Related Health Problems, diagnostic code N83.5 and a surgical code for AT (an integral variable of the HIRA-NIS). AT cases were determined according to individual episodes rather than the number of diagnosed patients. The cases were randomly matched 1:4 with patients without AT by age and year of claim (2009, 2010, 2011) . Random sampling was performed using R statistical software (version 3.0.3; Vienna, Austria). Pregnancy was determined based on the diagnostic code for antenatal care (Z34.0-Z35.9 according to KCD-5) between January 2009 and December 2011. Patients with a diagnostic code for antenatal care followed by the diagnostic code for spontaneous abortion (O00-O08 according to KCD-5) were excluded. Pregnant patients with adnexal torsion were defined as those who had an adnexal torsion code and a surgical code on different days within 60 days of their antenatal care code. If the same patient underwent surgery for AT twice with an interval of 60 days or more, the surgeries were defined as separate episodes. We investigated whether a woman had ovarian hyperstimulation syndrome (OHSS) based on the presence of the diagnostic code for OHSS (N98.1 according to KCD-5) within 30 days prior to the occurrence of AT.
This study was approved by the Institutional Review Board of MizMedi Hospital. The personal information of all individuals was protected by using anonymized patient identification numbers. According to the Institutional Review Board guidelines, informed consent from all patients was not required because of anonymized patient identification numbers. HIRA was not related to the results of this study.
All statistical analyses, including analyses of the matching data, were performed using R statistical software (version 3.0.3; Vienna, Austria). A P value <0.05 was considered statistically significant. All statistical analyses were performed using 2-tailed tests. The chi-square test was used to compare differences between groups. After adjustments for age and OHSS, a logistic multivariate analysis was performed to determine the effects of pregnancy on AT. We used the mean imputation method for missing values.
Results

Selection of subjects
We selected a sample of 1,843,451 women from the HIRA-NIS database of ∼3 million individuals in 2009 to 2011. Among the sampled women, there were 545 cases of AT; 2180 controls were matched to these cases by age and sampling weights, with a match ratio of 1:4. A flowchart in Fig. 1 presents the process of patients' inclusion. There was no recurrent adnexal torsion episode in AT cases. Demographic characteristics for cases and controls are presented as Table 1 . The mean age was 33.79 ± 13.39 for cases and 33.84 ± 13.55 for controls.
Univariate regression analysis
Pregnancy was associated with a lower rate of AT (odds ratio [OR] 0.339, 95% confidence interval [CI]; 0.258-0.446, P value <0.01). OHSS was associated with a higher rate of AT (OR 8.052, 95% CI; 1.469-44.121, P value 0.02) ( Table 2 ).
Multivariate regression analysis
After adjustment for age and OHSS, pregnancy was associated with a lower rate of AT (OR 0.314, 95% CI; 0.237-0.416, P value <0.01). After adjustment for covariates, OHSS was associated with a higher rate of AT (OR 20.091, 95% CI; 3.607-111.908, P value <0.01) ( Table 2 ). 
Discussion
According to previous studies, pregnancy is a known risk factor for AT. [3, 5] The effect of pregnancy on AT may be related to the presence of a corpus luteum cyst or to ART. [9] [10] [11] Although it is impossible to determine whether these factors cause AT in pregnancy, the recurrence rate of AT is 2-fold higher in pregnant patients compared with nonpregnant patients. [12] However, the result of the present study differs from conventional belief. This study revealed that pregnant patients had a lower incidence of AT compared with nonpregnant patients. This difference in findings can be explained by the fact that previous studies were case series rather than cross-sectional or case-control studies. [5, 7, 9, 12] Therefore, in previous studies, it is impossible to confirm an association between AT and pregnancy.
The reason for the association between lower rates of AT and pregnancy cannot be determined precisely. Nonetheless, it may be explained by bias caused by preconception examinations. As described above, corpus luteum cysts and OHSS are risk factors for AT. [8] [9] [10] Transvaginal ultrasound is a basic assessment tool used in preconception and infertility work-ups. [17, 18] In South Korea, in particular, the cost of a single obstetric ultrasound examination is low, from 10 to 120 U.S. dollars. [19] Therefore, the accessibility of ultrasonography is relatively high in South Korea. If a disease such as ovarian tumor is found during the work-up, attempts to become pregnant can be delayed until the disease has been treated. The treatment of ovarian tumors before attempting pregnancy decreases the risk of a corpus luteum cyst or OHSS.
In our study, the prevalence of AT was higher among patients with OHSS, but the precise reason for this result could not be determined. Considering previous studies, it is likely that ovarian masses are affected by OHSS. [20] However, the results of several studies of the relationship between AT and OHSS have been inconsistent. According to 1 study, the AT rate was 11-fold higher among patients undergoing ART. [20] In particular, the occurrence of AT during pregnancy after ART was higher than the occurrence during nonpregnancy after ART. [10] Conversely, another study showed that ART had no effect on AT. [21] Our result showed that OHSS may be a risk factor for AT. However, this analysis should be carefully analyzed reaching statistical significance because OHSS cases based on a total of only 6 cases.
There are several limitations to our study. First, it is impossible to confirm a causal relationship because of preconception bias. Therefore, it would be an error to interpret our result as indicating that pregnancy reduces the incidence of AT. Second, this study was based on the use of diagnostic codes, and errors related to code input are possible. To overcome this limitation, we confirmed an AT diagnosis if a case had both a surgical and a diagnostic code for AT. Third, this study did not analyze AT by trimester of pregnancy. Therefore, it is impossible to know whether trimester affects the incidence of AT.
In conclusion, we found that the incidence of AT was lower during pregnancy compared with nonpregnancy. However, a further study is needed to identify and elucidate the causal relationship between AT and pregnancy. 
